Background-Early repolarization pattern is a common ECG finding characterized by J-point elevation and QRS notching or slurring in the inferior and/or lateral leads, yet little is known about its incidence and long-term prognosis in Asian populations. Methods and Results-We reviewed all the ECG records of the 5976 atomic-bomb survivors who were examined at least once during our biennial health examination in Nagasaki, Japan, between 
S
udden cardiac death is a major health issue, and accounts for 300 000 to 400 000 deaths per year in the United States. 1, 2 Coronary artery disease, cardiomyopathy, left ventricular hypertrophy, valvular disease, congenital heart disease, and primary electrophysiological abnormalities are the major causes of sudden cardiac death. 1, 2 Approximately 5% of sudden cardiac deaths caused by ventricular tachyarrhythmias occur in the absence of structural heart or coronary artery disease and are attributable to primary electrophysiological abnormalities. Some cases with ventricular tachyarrhythmia show a characteristic 12-lead ECG pattern such as a long-QT interval (long-QT syndrome) and a coved-type ST-segment elevation in the right precordial leads (V 1 , V 2 , and V 3 ; Brugada syndrome). 3, 4 
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Early repolarization pattern (ERP) is characterized by an elevation of the QRS-ST junction (J point) and QRS notching or slurring (J wave) in multiple leads, especially in the inferior and/or left precordial leads, and is found in a relatively large proportion (1% to 13%) in previous reports. [5] [6] [7] [8] Although conventionally considered benign, 5 it is potentially arrhythmogenic, 9 and in 2 clinical case-control studies, patients with a history of idiopathic ventricular fibrillation (VF) showed an increased prevalence of ERP. 7, 8 It has recently been reported that ERP in the inferior leads is associated with increased risk of cardiac death in Western populations. 10 Not much is known, however, about the incidence and long-term prognosis of ERP in Asian populations. Thus, we prospectively examined the incidence and prognostic value of ERP in terms of unexpected death, cardiac death, and all-cause death in Nagasaki Adult Health Study (AHS) subjects.
examination includes a standard 12-lead ECG obtained by the regular procedure. We extracted 5976 subjects (2612 men) who had been examined at least once between July 1, 1958, and December 31, 2004, and did not have intraventricular conduction disturbances and pacemaker implantation at the first examination and reviewed all the ECG records (12.2Ϯ7.5 ECG records per subject) obtained during the follow-up period. The mean length of follow-up for ECG recordings was 23.6Ϯ14.7 years. The date of the first examination is different for each individual. During the first 2 years from July 1, 1958, to June 30, 1960, 2912 subjects underwent examination; the remaining 3064 subjects underwent their first examination after that period. We treated subjects who already had ERP at their first examination regardless of the date of examination as prevalent cases and subjects who first showed ERP after their second examination as incident cases. We used the current dosimetry System DS02 to estimate the bone marrow atomic-bomb radiation doses of individual subjects. 13 The Research Protocol Review and Human Investigation Committees of RERF approved the protocol (RP A 14 -08).
Definition and Confirmation of Early Repolarization Pattern and Brugada-Type Electrocardiogram
Using criteria similar to those of Haïssaguerre and colleagues, 7 we defined ERP cases as having (1) an elevation of the QRS-ST junction (J point) in notching formation (positive J deflection inscribed on the S wave) or of the ST segment in slurring formation (smooth transition from QRS complex to the ST segment) in at least 2 leads and (2) an amplitude of QRS-ST junction (J point) or ST-segment elevation Ն0.1 mV above the baseline as QRS notching or slurring in the inferior leads (II, III, aVF), lateral leads (I, aVL, V 4 through V 6 ), or both 7 ( Figure 1 ) at least once during follow-up. In slurring formation, because the transition from QRS complex to ST segment is smooth or the J point may be hidden in the QRS complex, we used Ն0.1 mV of the ST-segment elevation to indicate high-takeoff QRS-ST junction as the criterion. We classified the time course of the J-point abnormality into 1 of 2 categories: a persistent course showing permanent abnormalities or an intermittent course showing transient disappearance of the J wave itself or normalization of the magnitude of the J point during follow-up ( Figure 2 ). During follow-up, we classified cases by positive-ERP lead location (inferior, lateral, or both) and by J-wave morphology (notching, slurring, or both). We defined the onset of ERP as the date of its first appearance during follow-up and used the age at the onset of ERP in calculating the incidence. One cardiologist (D.H.) reviewed the 12-lead ECGs of all subjects without knowledge of the clinical diagnosis or death certificate information. A second cardiologist (K. Matsuo) blindly reviewed all the ECG records of 200 subjects (50 with ERP and 150 without ERP) who were randomly selected from the 5976 subjects. The concordance rate was 86.0% for ERP diagnosis. Next, he blindly reviewed all the ECG records obtained during follow-up for 194 subjects (94 subjects with only slurring in either inferior or lateral lead and 100 subjects with only notching in either inferior or lateral lead) among the 1429 subjects diagnosed as having ERP by the first cardiologist. The concordance rate was 83.8% for lead location and 81.3% for morphology.
In the diagnostic criteria of Brugada syndrome by consensus reports, 14,15 type 1 characterized by Ն0.2-mV coved-type ST segment elevation is essential, whereas types 2 and 3 characterized by saddleback-type ST elevation are not. 14, 15 Therefore, in this study, we defined subjects with type 1 characterized by Ն0.2-mV covedtype ST-segment elevation in Ն1 right precordial leads (V 1 through V 3 ) at least once during follow-up as Brugada-type ECG cases.
Definition and Confirmation of Sudden Death, Unexplained Accidental Death, and Cardiac Death
The RERF followed the vital status of all participants using Japan's family registration system. We collected all of the death certificates from July 1958 to December 2004 to check the cause and circumstance of death for deceased subjects and defined 3 types of death as we did in our Brugada-type ECG study: sudden death, an out-of-hospital death occurring within 1 hour of the onset of acute symptoms; unexplained accidental death, an accidental death in which VF might have been the cause of the accident; and unexpected death, a sudden death or an unexplained accidental death. 16 We treated death resulting from congestive heart failure and ischemic heart disease as cardiac death.
Statistical Analysis
We calculated the 46.5-year (July 1, 1958, to December 31, 2004) incidence on the basis of the age of incident cases at ERP appearance by a person-year method, stratified according to age. We used Cox regression analysis to assess the long-term prognosis of ERP and Brugada-type ECG cases after controlling for age and sex. We compared ERP and Brugada-type ECG cases with control subjects who had neither ERP nor Brugada-type ECG with respect to unexpected death, cardiac death, and death resulting from all causes. We also assessed unexpected death risk according to lead location and J-wave morphology in ERP cases. Survival time is the time from the date of the first examination for controls and prevalent ERP and Brugada-type ECG cases and the date of the first appearance for incident ERP and Brugada-type ECG cases to the date of death or December 31, 2004, whichever came first. All analyses were conducted with SAS for UNIX (SAS Institute, Cary, NC). 17 We expressed the data as meanϮSD and considered PϽ0.05 to be statistically significant. A slurring morphology is seen in the inferior leads (II, III, aVF), and a notching morphology is seen in leads V 4 through V 6 with Ն0.1-mV elevation from baseline. In our grouping method, this case is classified as both notching and slurring in morphology and as both inferior and lateral leads in lead location, respectively.
Results

Incidence of Early Repolarization Pattern
We identified 1429 ERP cases (815 men) among 5976 AHS subjects during the whole study period (July 1, 1958, to December 31, 2004); 650 cases (413 men) were classified as prevalent cases and 779 cases (402 men) were classified as incident cases (meanϮSD age at first appearance of ERP, 47.2Ϯ15.4 years), yielding a follow-up positive rate of 23.9% (1429 of 5976) and an incidence of 715 per 100 000 personyears (Table 1) . Incidence was highest in the second decade of life for men and women and was almost identical between the sexes, whereas the male preponderance became obvious thereafter, leading to twice as high an overall incidence for men (Table 1) . Radiation dose was not associated with ERP in both prevalent and incident cases (Pϭ0.89, data not shown).
We identified 30 Brugada-type ECG cases (see Table 2 ). Brugada-type ECGs showed a J-point elevation in the anterior precordial leads. Among them, 6 cases had both ERP and Brugada-type ECG (Figure 3 ). Table 3 shows the morphology and lead location of the J wave observed during the follow-up period. Almost all of the 
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ERP cases (98.3%) showed intermittent manifestations, and both characteristics changed over time (Figure 2 ).
Mortality From Unexpected Death, Cardiac Death, and All-Cause Death (Table 4) . With respect to lead location and J-wave morphology, ERP cases with a broad range of J-wave-positive leads (both inferior and lateral) had a significantly higher HR for unexpected death (HR, 2.50; 95% CI, 1.29 to 4.83; PϽ0.01) and both slurring and notching predicted unexpected death (HR, 2.09; 95% CI, 1.06 to 4.12; Pϭ0.03) when we used controls as the reference group (Table 4) . We saw no unexpected deaths for patients with ERP with Brugada-type ECG and so could not calculate that HR for unexpected death.
Brugada-type ECG cases had the highest HR for unexpected death (HR, 27.15; 95% CI, 9.35 to 78.85; PϽ0.01), whereas in contrast to ERP cases, it had no favorable effects on cardiac and all-cause death (Table 4) . Radiation dose was not associated with unexpected death (Pϭ0.45; data not shown).
Discussion
As far as we know, this 5-decade study is the first Asian population-based study of the incidence and prognosis of ERP. We learned that ERP was a common ECG finding, with a follow-up positive rate of 23.9% and an incidence of 715 in 100 000 person-years, and was associated with a higher risk of unexpected death and a lower risk of cardiac and all-cause death. Although the subjects were atomic-bomb survivors, radiation dose was not associated with ERP or unexpected death, so the results should be generalizable.
Incidence of Early Repolarization Pattern
The prevalence of ERP has been reported to be 1% to 13%. [5] [6] [7] [8] However, because ERP (defined by the modified criteria of Haïssaguerre and colleagues 7 ) appeared intermittently, we based our calculation on both prevalent and incident cases and found that 23.9% manifested ERP at least once during follow-up, indicating that ERP was not a rare ECG finding. In past studies, only the prevalence, not incidence, of ERP has been reported because longitudinal studies covering the period before the diagnosis of ERP were lacking. We report the incidence of ERP for the first time here and reveal that the incidence of ERP was highest in the second decade of life in men and women and decreased thereafter (Table 1) . It is possible that the difference in the age distribution of the subjects in the target cohort and the intermittent appearance of ERP may have affected the reported prevalence of ERP. It is also possible that if we used criteria other than the modified criteria of Haïssaguerre and colleagues, we would have found different incidence values.
The incidence of ERP that we observed (Table 1) was Ϸ50 times as high as the incidence reported for Brugada-type ECG (14.3/100 000 person-years), 16 whereas the male/female incidence ratio for ERP (1.95) was about one-fifth that of Brugada-type ECG (8.97), 16 but the incidence of both ERP and Brugada-type ECG is high at a relatively young age. Because our cohort of atomic-bomb survivors did not include subjects who were Ͻ12 years of age on July 1, 1958, and the appearance of ERP was intermittent, it is necessary to follow up a large number of the population who are Ͻ10 years of age to arrive at a more precise value.
Prognostic Value of Early Repolarization Pattern
Sinner et al 18 recently reported in a prospective cohort study that ERP was associated with a Ϸ2-to 4-fold increased risk of cardiac mortality, which was determined through the use of death certificates. They did not mention the association between ERP and unexpected death because cardiac death was assumed in the ninth version of the International Classification of Diseases codes 390 to 429 and 798. 18 On the other hand, Haïssaguerre et al 7 reported that ERP in the inferior or lateral leads was more frequent among patients with idiopathic VF than among control subjects. Rosso et al 8 reported a similar association between ERP and idiopathic VF. Those studies were cross-sectional; here, in a prospective cohort study, ERP predicted unexpected death. How ERP did that, however, is unclear. It has been reported that 11% of Brugada syndrome patients show ERP in the inferior-lateral leads and that drug challenge tests provoke a coved pattern in the inferior-lateral leads in 4.6% of Brugada syndrome patients. 19 Those observations suggest that ERP and Brugada syndrome overlap in phenotype and electrophysiological similarities. The presence of a prominent I to -mediated action potential notch (spike and dome) in the epicardium, but not the endocardium, generates a transmural voltage gradient during the early phase of repolarization, which manifests J-wave and J-point elevation in the surface ECG in both ERP and Brugada syndrome. 20 Heterogeneous loss of the action potential dome produces phase 2 reentry, leading to polymorphic ventricular tachycardia/VF. 20 It is possible that ERP has a vulnerability to arrhythmias that is due to transmural heterogeneity of ventricular repolarization and that ERP is affected by such factors as testosterone and drugs through ion channel activity.
A J-wave manifestation in both inferior and lateral leads was associated with a higher risk of unexpected death. A J-wave manifestation in many leads suggested that electric instability caused by heterogeneity of repolarization was occurring in broad regions of the ventricles. Merchant et al 21 reported that notching in lateral leads is significantly more prevalent among ERP patients with idiopathic VF, but they did not assess morphological changes over time. In our study, we defined slurring, notching, and slurring and notching, taking morphological changes into account during follow-up, and found that manifestation in both slurring and notching has an important implication for risk stratification. In this study, ERP cases had a lower risk of cardiac and all-cause mortality. On the other hand, it has also been reported that ERP in the inferior leads is associated with an increased risk of cardiac death, (HR, 1.28; 95% CI, 1.04 to 1.59; Pϭ 0.03), 10 and ERP in any localization was associated with an increased risk of all-cause death (HR, 1.87; 95% CI, 1.03 to 3.37; Pϭ0.038). 18 Thus, the association between ERP and mortality other than unexpected death is still controversial. We proposed a hypothesis that testosterone may modulate cardiac and total mortality in ERP cases. Various reports indicate that testosterone may be associated with ERP and Brugada syndrome. Early repolarization pattern showed male preponderance 7, 8, 10 ; the typical coved-type Brugada ECG disappears after surgical castration for prostate cancer 22 ; and male Brugada syndrome cases have significantly higher plasma testosterone levels than age-matched male controls. 23 It has been suggested that testosterone may increase the outward repolarizing potassium currents such as I K1 , I Kr , I Ks and I to , inhibiting inward L-type Ca 2ϩ current. 24 -26 Such effects help to induce an outward shift of current in the epicardium, aggravate transmural voltage gradient between epicardium and endocardium, and lead to the J-point and ST-segment elevation seen in ERP and Brugada syndrome. These reports suggest that testosterone is associated with ERP and Brugada syndrome through ion channel activity. On the other hand, several studies reported that low serum testosterone level was associated with an increased risk of cardiovascular and all-cause mortality and cardiovascular risk factors in men (abnormal lipid profiles, impaired glucose metabolism, and high blood pressure). 27-29 Thus, elevated serum testosterone level may influence the prognosis of patients with ERP by increasing the risk of sudden death through a more prominent transmural voltage gradient, which leads to phase 2 reentry and ventricular tachycardia/VF, while decreasing the risk of cardiac and all-cause death, probably through protective effects. However, this hypothesis should be supported by more direct evidence of the association between testosterone and ERP.
In the present study, the HR for unexpected death was lower for ERP (1.83) than for Brugada-type ECG (27.15), and may not directly lead to the recommendation of implantable cardioverterdefibrillator treatment. However, because the number of ERP cases (1429) was much larger than the number of Brugada-type ECG cases (24) , the unexpected death rate was greater for ERP cases (27 of 76, 35.5%) than for Brugada-type ECG cases (4 of 76, 5.3%), suggesting a greater public health implication for ERP and a careful evaluation of the past history of syncope and the family history of sudden death or syncope. Further epidemiological and electrophysiological studies are needed to clarify what characteristics among the large number of ERP cases are predictive of high risk.
Study Limitations
In this study, only 1 cardiologist reviewed all the ECG records obtained during follow-up in 5976 subjects. However, the accuracy of the diagnosis was ensured because all the ECG records (12.2Ϯ7.5 ECG records per subjects) during follow-up were reviewed for each subject. A second cardiologist blindly reviewed all the ECG records obtained during follow-up in 200 subjects (50 with ERP and 150 without ERP) and 194 ERP cases, and the concordance rate was 86.0% for ERP diagnosis, 83.8% for lead location, and 81.3% for morphology.
We could not deny the effect of structural heart diseases on ERP because we did not perform echocardiography and cardiac catheterization in this epidemiological study.
We did not assess the risk of unexpected death by the nature of the manifestation of ERP (intermittent/persistent), because almost all of the ERP cases (98.3%) showed the intermittent course. Because the magnitude of the J point fluctuated over time in ERP cases, the most elevated values of J point were biased, depending on how many times the ECG was recorded. Thus, we did not assess the effects of the magnitude of J point on unexpected death. For the same reason, other ECG characteristics such as QRS duration and QTc interval were not used as covariates in Cox regression analysis.
With respect to Brugada-type ECG, we did not include 10 patients with types 2 and 3 in the Brugada-type ECG group. We cannot deny the possibility that they might have changed into type 1 if they had drug challenge tests, which could not be performed in our cohort study. We observed 3 unexpected deaths among 10 patients with types 2 and 3.
Age at unexpected death was relatively high in both ERP cases and controls. Uncertainty of the cause of sudden or unexplained accidental death without autopsy information, especially for coronary heart disease, may limit the present results, but this possible bias would be equal for ERP cases and controls.
Because the number of unexpected deaths in ERP cases by lead location and morphology subgroup and in Brugada-type ECG cases was small, such data might limit efforts to draw a definitive conclusion about effects of ERP by lead location and morphology subgroup and Brugada-type ECG on unexpected death.
Conclusions
In this 5-decade population-based study, we described the epidemiology and long-term prognosis of ERP. Early repolarization pattern was a common ECG finding; ERP appeared intermittently, and its location and J-wave morphology changed over time. Early repolarization pattern was associated with an elevated risk of unexpected death and a decreased risk of cardiac and all-cause death. The manifestation of both slurring and notching and the manifestation of the J wave in both inferior and lateral leads were associated with the higher risk of unexpected death. Further clinical and experimental studies are needed to define the characteristics of high-risk ERP cases so that they can be singled out for preventive measures.
